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At the present time in addition to hot-setting eToxy resins cold-settinr resins

are also acquiring pre-t im-,ortance. As a rule, aliohatic amines - nexamethylene-

diamine, nolyethylenenolyamine etc - are used as curing arrents for these resins.

The compounds obtained in thiscase, however, are very viscous, have low inrnreg-

nating capacity and are not teci-nologically satisfactory in service. Their setting

involves the use of toxic curinv agents, an6 the cured ccmyounds do not tave very

high rhysico-cherical or mechanical indices (Nefs 1 - 3).

ipoxy-r-olyester resins into which anhydrides of dicarbonic acids have been intro-

duced may also be used as cold-settinw com;-,ounds, though hip'h indices ir these

coTrounds are achieved by high-ten~uerature frocessing (Hef q).

Gf considerable interest are cold-settina scrylate-eroxv-styrene conpounds (.ef 5)

which have satisfactory technological characteristics in service and do not

require toxic curing agents. As these corpounds are uaeI to produce filled roly-

mers it is worth examining the behaviour of the ooundary layers of acrylate-

epoxy-styrene comoounds on different solid surfaces depending on the nature of

the initial components.

In the present investigation we studied the molecular mobi2ity of the polyner

chains of various acrylate-ecoxy-styrene comounds depending on the noture of

the initial components, and also elucidated the nature of changes of molecular

mobility in the boundary layers on surfaces of silica flour and glass fibre to

assess their effect on the oroperties of filled materials. As the cured cortpounds

under investigation contained different amounts of low-molecular impurities

(water, unreacted initial monomers) depending on the acrylate component, we

elucidated the effect of low-molecular imourities on the course of the relaxation

processes in the surface layera on different types of surfaces.

Specimens and Method of Measurement

fe studied the dielectric and spin-lattice relaxation of cold-setting acrylate-
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epoxy-styrene compounds in bulk and in the surface layers on surfaces of silica

flour and glass fabric. Cne of the features of this comound is that the curing

agent ei ployed is a conolymer of methacrylic (acrylic) acid, styrene and mett:yl-

rethacrylate (metiiylacrylate, butylacrylate) obtained in the ore7erce of a redox

system of benzoyl neroxide and dimethylaniline. 'Zhe cooolymer is formed in the

reaction mixture containinv all the initial comoonents in the first stawe (.,efs

5, 6), and this is followed by the reaction in which a cross-linked pol yer is

formed by oreninv of the epoxy e-rcps. ihe conolyer contains sufficient carboxyl

grouFs to cure the epoxy resin, this reaction beinr catal:;sed by the dimethyl-

aniline and promoted by the exothermic reaction of copolymer formation.

The following compounds were investip-ated:

1. Hesin ED-6 : styrene : methylethacrylate : methacrylic acid = 4:3:2:1

2. Resin .D-b : styrene : butylacrvlate acrylic acid 4:5:2:0.8

3. Resin f D-6 : styrene : methylacrylate acrylic acid 4:3:2:C.6.

All the initial monomers were suojected to distillation an-4 cnecked for nD on a

refractometer. The reinforcing glass fabric was depreased witn toluene. Ihe

silica flour and glass fabric were heated in a muffle furnace at 400°C for C.5 h,

after which they were vacuum-dried at 110C for 6 h. go rrevent the fillers from

absorbing moisture from the environment, they were kept after vacuum dryinw in

a vacuum in a vacuum-drying cabinet until they were fully cooled, and filling

of the specimens was carried out in this. The dry fillers were coated with freshly

prepared reaction mixture which has a very low viscosity, as th, styrene and

methylmethacrylate (aethylacrylate, butylacrylate) were at the same time both

initial monomers of the compounds oroduced and reactive solvents. After careful

mixing of the silica flour (particle size 20 - 40 Vm) and the reaction mixture,

and impregnation of the glass fabric with the reaction mixture, setting was

carried out in condenser cells made of stainless steel. The specimens for NMR

measurements were cured in closed ampoules. Films were poured on a lavsan

(terylene) substrate. With all these specimens of acrylate-epoxy-styrene compounds

the cross-linking reaction was carried out ii, an air-free environment. Measure-

maents were carried out in a vacuum. The ratiosof the comrnonents for bomrLound:silica



flour and glass fabric:compound were 1:1.5 and 1:3 resrtectively. in filled and

unfilled specimens of eacs compound were prepared with the same reaction mixture.

Ihe spin-lattice relaxation times were measured by the Carr-.urcell zero fetnod

using a nulse spectrometer o:erating on a frequency o: 16.5 MIhz. e uselj an &ik.*

spectrometer tjpe &ya 2301 modified for oulse met:iod ooeration. Dielectric

measurements vwere made with a Ts-97(I instrument using an F-'50 zero indicator and

a V-h544 enerator in the teirrerature interval -1,0 to +130C.

Results and Discussion

1. zelaxation rocesses in -ulK

As may be seen from the temperature dependences of tan u (Wie 1) three relaxat4 on

processes are characteristic of the com-ounds examined in b,Ik: a troceso due to

chain segment mobility in trie region of bO - 9000; a dipole-rrcu. nrocess at -14r

tc 1450C; and a nrocess at -> 1 40CC due to the mobility of units (narts of chains

and their branches) sraller than segments and larger than the kinetic juits tro-

ducing the dioole-:-rou;) Trocess.

Consideration of the hioth-temr.perature relaxation )rccess shows that substitution

of the acrylic comnonents in the systems leads to noticeable changes in 'olecu]ar

mobility and in the absolute value of tan t at tfl- maximum. The lowest molecular

robility is found in the system containing rethylacrylate anj acrylic acid (Fig 1,

curve 5). ;hen butylacrylate is used instead of methylacrylate the mobility of

the chain segments of the comround increases, with a shift of the maximur of tan

to higher temperatures amounting to 110. For comroundp based on methyliethacrylat:

and methacrylic acid segmental mobility is somewhat treater (Fig 1, curve 1), and

as the amount of dimethylaniline is reduced the tan 9 maximur: shifts to lower

temperatures kcurves 4, 1), which may be accounted for by a lower degree of cross

linking in the system. Fig 1 shows that compounds baseo on butylacrylate and

rethylacrylate have values of tan I at the maximum greater by one order (curves

3, 2). Snecial attention should be Iravn to the fact that,for the c3ld-Settinp

acrylate-er-oxy-styrene comr:ounds we studied, the high-temperature relaxntion

process is very distinct and is associated with a higp amolitude of the tan

maximum. This is not observed in cross-linked systems baseu on eDoxy resins and
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polyethylenepolyamine. The occurrence of clearly marked raxime of high value is

exnlained by the fact that the process of relaxation of the segments is mainly

due to the existence of parts of chains of the styrene/acrylate/acrylic acid

corolymer cross-linked in a sDatial structure .y chains of epoxy resin. Thiis can

be meen from a fragment of the compound

-CH 2.-- C--CI.-C-CH2 -CIi.CII-I, c..(.ij- , I,-
C=O C=O C -O C 0
I I I
0 0O
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11O-CH HO-Gil HO--CH

0= C.H L--0 O-C,
2 it _.CH,_-C.CHr, _ .. Tj__I,



where

CHs

The results of studies of tne molecular mobility of acrylate-eroxy-styrene com-

pounds using dielectric measurements are corroborated by results obtained from

spin-lattice relexation t-mes T1 kir 2, a.

II. Molecular Mobility of Pacrochains in the Surface Layers.

Studies of the molecular mobility in the surface layers of acrylate-eroxy-styrene

cold-eetting compounds showei that changes in relaxation processes in the boundary

layers are inderendent of the nature of the surface (Refs 7 - 9). urthermore,

the findings described below also show that there is rigidification of the polymer

chains due to adsorptive interaction and reduction of the conformation set of

polymer chains at the surface, and also that the presence of low-molecular i~ruri-

ties has a significant effect on changes in the properties of the polymer in the

surface layer.

Fig 3, a shows that on the surface of the glass fabric and the silica flour there

is a shift of the relaxation process of the chain segments of the compound con-

taining methylmethacrylate and methecrylic acid to higher temperatures, amounting

to 180 at the surface of silica flour, and 90 at the Surface of the glass fabric.

'4e account for the significantly smaller shifta on the surface of the glass fabric

filler by the fact that the vercentage of glass fabric used as a filler Is signifi-

cantly lower than that of silica flour (the glass fabric : compound ratio was 1:1,

whereas the silica flour : compound ratio was 1.5:1), i.e. the thickness of the

surface layer of the polymer on the glass fabric is greater than it is on the

silica flour. In other words, the total wface of interaction between silica flour

and polymer in greater than tne total contact surface between glass fabric and

polymer.

£ priseipel factor affecting the reduction of the temperature shifts of the tanu



maximum in the surface layer at the surface of the -lass fiure filler i;i thir

case is the fact that in the surface layer on the surfac3 of th' silica flour

the amount of low-molecular irnurities is about -,. ti t s lower t .an in the

surface layer on the Rlass fabric surface. The amount of low-molecular impourities

in the adrylat'!-eroxy-styrene connounds in bulk and in the surface layers wa

determined by weighing after vacuum treatm;ent for IC sours at rooi ter r(ra. re

and for 9 hours at 680C (vacuum of 21u- 2)

For the same system based on methylnmethacrylate sn i methacrvlic r-cid the dinole-

group process shifts to lower temperatures hy 28° on the Filica flour surface,

ani by 240 on the surface of the gIa.ss fabric filler. e associate the Snift of

this rlrocesc to lower terrer'atures with increasel looseness of packinp in the

surface layer in accordance with inefs 7 - IC. V itn increase of the lo'-. olpcujar

impurities in th,- soecirens (unreacted initial ,?)nomer.-, water etc), t ic- was

observed in tne cc, oound based on butylacrylate and acrylic acid (v"ic- 3, b), tho

shift of the tan S raximum to nigker temnerature- wae consideraol; srealer (o ),

and on the surface of the class fabric filler it was seen tc oe split-u:. wit-nt

relatively symmetrical neaks shifted in oc'rosite directions equal di-itances aoout

the tan S maximum in bulk.

In the comuound based on s.ethvlacrylate and acrylic acid the amount of low-molec.-

lar impurities was even lar ,er (up to l.5 : when determined without heatinw, and

4.8 wits heating, see lable), which led to a srift of the relaxation rrocess of

chain segments to lower temiierature. on the surface of the glass fabric. In the

layer on the surface of the silica flour th-t shift to higher teniveratures only

amounts to 60 (Fig 3, b).

From the above findings it follows that changes of molecular mobility in the

surface layers are sivnificantly influenced by the presence of low-nolecular

impurities in the system s studied, and also by the tendency of the filler to

adsorb them. Low-molecular imnurities exert a plasticising effect on the polvmer

at the sujpface and shift the relaxation t;rocess to lower terneratures, thus

reducinir the effect of rividification of the chains hy tne surface, or ever

totally offsetting it. As silica flour adsorbs low-eolecular irruritips Pore than
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.lass fatric, in all cases (Fig .5) as their content in th, sy. tems studi,.d is

increased, the shift to hipgher temperatures is decreaseo. In tte ,lass fabric the

Preater amount of impurities in the boundary layer leads not only to a smaller

shift to hipher ter,,neraLures because of the effect of the surface, but also to

ohift:; to lower ten.eratures (Fig 3, b). The influence of irr: urties on the course

of the relaxation orocesses can also be seen from data on spin-lattice relaxation

times TI (rir 2).

The splittinp of the tan S eximum which we d-tectei in the relaxation : rocesa of

chain searenLs for filled nolyr:ers (i- '., b) is also o0served in the cor noun

with wethylrethacrylate and rrethac.:vlic acid ("if, 5, a), -,},:re in the ratio of

the comrnonents of the reaction mixture C.Cl rarts of dimetn.t.laniline are taken

instead of 0.03. This srlitting of the maximum would seer to be due to inhorr'-

geneity of the structure of the boundary layer near the surface and a -eort dis-

tance away from it, but iore detailed inve.tisations are needeca to find the true

reasons for it.

As the increase of low-n olecular iwourities is not so noticeable in tte system

witn a smaller amount of ditretryianiline (see Table), it rra. "be 3u-osed that

oligomer molecules of smalL nolecular weight art formied wficn are not removed by

vacuum treatmen: and wbich act as a Plasticiser for the nolymer matrix, so ttat

with this compound we do not otserve upward tenterature shifts of the relaxation

orocess of the sepg..ents at the surface of the solid (Fip. 3, a).

The change of molecular mobility in the surface layers to a .reat extent derends

on the presence of low-molecular imvurities in the systems 3tudied. ihe nature

of the surface of the filler affects the magnitude of the excess over the maximum

amount of low-n lecular imrurities which can be adsorbed t3 the solid surface, i.e.

they becore concentrated at the surface of the Folid due to adscrrtion orimarily at

theinterface. Low-nolecular imrurities which are carable of exerting a rlastici-

sinS effect shift the relaxetion rrocesses to lower temperatures, thereby parti-

ally or totally offsettin tne effect of tne filler surface.

III. Relaxation ,rocesses in Heat-treated Cor ,.aounds

he carried out studier7 of molecular ,obilit' in heat-treated compounds. The heat
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treatment of specimen- for dielectric measurements involved heatinq steadily fron.

20 to 130 C for 5 hours with m aintenance at this temperature for 1C minutes.

Specimens for NMR measurements were heat-treated to 2000 C in a similar way.

Figs 2, a and 3, a show the temperature dependences of T1 and tan S for compounds

containing methylmethacrylate and methacrylic acid, and indicate that heat treat-

ment shifts the relaxation process to higier terperatures, the shrifts amounting

to 40 - 500. ere the values of tan are not significantly reduced. 1his is

associated with the process of cross linking at deeper stages involving -OH grouDs

and possibly unreacted -COOH groups.

The study of filled systems has shown that in a heat-treated, more rigid, compound

the shift of the tan B maximum in the surface layer is reduced (being 120), whilst

in a non-heat-treated one the shift is 210. This surpo ts our conclusions that

for a more flexible polymer constraint of molecular mobility by the surface is

greater (Ref 11) than it is with more rigid macrochains.

Conclusions

1. A study has been made of the dielectric and spin-lattice r, laxation of cold-

setting acrylate-epoxy-styrene compounds. The existence of three relaxation Oro-

ceases has been demonstrated.

2. It has been found that for acrylate-epoxy-styrene compounds rigidification of

the polymer chains in the surface layer occurs on surfaces of various kinds.

3. Changes of molecular mobility in the surface layers depend to a greet extent

on the presence of low-molecular impurities in the surface layer. A low-molecular

impurity capable of exerting a plasticising effect shifts the relaxation processes

to lower temperatures, partially or totally offsetting the effect of the substrate

on molecular mobility.

4. Studies of heat-treated filled systems have shown that with increasing chain

rigidity the magnitude of the constraint exerted by a solid substrate on molecular

mobility diminishes, i.e. the more rigid the macromolecules, the less they are

rigidified by the surface of the filler.

Received 27.5.72
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1fable

;uantities of Low--olecular rcomrounds in acrylate-eroxy-styrene cumnounds in

bulk and in the surface layers

LowDoaition of cont:ound eifht of 1ow-MOtecular substances,

4acuum treatment Vacuum treat-ent at
without heatinp. 680C for ( hours

iethacrylic acid, methylrethacrylate, 0.92 0.43

styrene, E-)-o 0.26 0.13

wits silica flour 0.15 0.6

with glass fabric

Acrylic acid, butylacrylate, st.vrene,

)-6 6,.22

witv silica flour 0.15

with ulass fabric .2

,.crylic acid, rethylacrylate, .;tyrene,

1.-6 ." 4.82

with silica flour 0.43 1.06

with glass fabric 4't2 1.4

1ethacrylic acid, mettiy:lnethacrvlate,

styrene, ED-b (0.01 uarts by weight

of direthylaniline) 0.1'

with silica flour 0.06

with glass fabric .14
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